Abstract. This paper examines the short and long-term price linkages among major art and equity markets over the period th Century English and Modern US paintings. A global equity index (with dividends and capitalisation changes) is also included. Multivariate cointegration procedures, Granger non-causality tests, level VAR and generalised variance decomposition analyses based on error-correction and vector autoregressive models are conducted to analyse short and long-run relationships among these markets. The results indicate that there is a stationary long-run relationship and significant short and long run causal linkages between the various painting markets and between the equity market and painting markets. However, in terms of the percentage of variance explained most painting markets are relatively isolated, and other painting markets are generally more important than the equity market in explaining the variance that is not caused by innovations in the market itself. This suggests that opportunities for portfolio diversification in art works alone and in conjunction with equity markets exist, though in common with the literature in this area the study finds that the returns on paintings are much lower and the risks much higher than in conventional financial markets.
Introduction
In March 1987 Vincent Van Gogh's Sunflowers sold at auction for $39.9 million (all dollar figures in USD), followed in November by the sale of Irises for $53.9 million. Other recordbreaking sales in art markets closely followed. In May 1989, Pablo Picasso's Yo Picasso sold for $47.8 million, far exceeding the $5.8 million that it last commanded in May 1981: his Noces de Pierette later sold for $60.0 million. In May 1990, Van Gogh's Portrait of Docteur Gachet sold for $82.5 million and Pierre-Auguste Renoir's At the Moulin de la Galette for $78.1 million, becoming the two most expensive pictures ever sold at auction (Pesando and Shum, 1999) . Indeed, even demand for Modern and contemporary paintings in the 1980s was
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In response to the commonly held belief that the art market yields huge profits in comparison to other more prosaic investment markets, a small but growing literature has examined the financial characteristics of the market in paintings, and art markets in general (paintings, sculpture, ceramics and prints, along with collectibles such as coins, stamps, antiques and furniture). This invariably accompanies a revival of interest in art investment by the business world [see, for example, Oleck and Dunkin (1999) and Peers and Jeffrey (1999)] Starting with the seminal work of Baumol (1986) much of this has been concerned with measuring the rate of return of paintings, however in recent years there has been an emerging emphasis on other analytical dimensions of art investment (Felton, 1998) . In particular, the growing evidence of return predictability and cointegration in equity and bond markets has focused attention on the ability of auction series to provide meaningful forecasts of prices in art markets. This is especially important if the prices of art works can be taken as synthesising the effects of the artist, specificities of different media, reactions of art galleries, critics, museum directors, collectors and investors, etc.
Similarly, there is the suggestion that the returns on works of individual artists and schools may owe much to their interrelationships with other artists within their school and indeed other schools via a certain degree of substitutability. For example, for much of the last thirty years Impressionist, Modern and contemporary paintings have dominated international art markets. However, current trends indicate that Old Masters and Modern pictures are now returning to a longer-term equilibrium (Anonymous, 2000) . This highlights additional prospects for price forecasting in these markets. Finally, if art is to be regarded as a valid (albeit imperfect) addition to traditional investments in stocks, bonds and real estate amongst others, there is the added requirement of examining the prospects for diversification in such portfolios (Flores et al., 1998) . It is also desirous to examine the prospects for diversification in portfolios composed primarily of art held by investors, collectors, dealers and museums, amongst others. If low correlations of returns exist between both individual artists and schools of art, diversifying across various categories of art and artists may allow investors to reduce portfolio risk while holding expected return constant.
Unfortunately, little empirical evidence exists concerning short and long-term price linkages among differing art and financial markets and the concomitant prospects for portfolio diversification. The evidence that does exist is generally mixed. Ginsburgh and Jeanfils (1995) used vector autoregressive models to examine the pricing relationships between three schools of painters [Impressionist, Modern and Contemporary European Masters, Minor European Painters and Contemporary US Painters] in three different auction markets [New York, London and Paris/Versailles]. They found that while the various art markets move together, and in the short-run financial markets do influence the price of collectibles; there was no long-run relationship between these markets. Chanel (1995) used similar techniques and a sample of eighty-two well-known artists to establish the relationships between art markets and equity markets in New York, London, Paris and Tokyo. Chanel (1995) concluded that financial markets influence the art market, though with a lag of about one year. Czujack et al. (1996) also employed cointegration techniques, though with the prints of five individual artists and a global print index. The purpose of the present paper is to add evidence to this nascent debate on comovements among art markets and between art and financial markets.
The remainder of the paper is organised as follows. Section 2 briefly surveys the literature concerning art as an investment. Section 3 explains the data and empirical methodology employed. The results are dealt with in Section 4. The paper ends with some brief concluding remarks.
Art as an investment
It goes without saying that art markets differ substantially from financial markets. Art works are not very liquid assets, almost never divisible, transaction costs are high, and there are lengthy delays between the decision to sell and actual sale. Investing in art typically requires substantial knowledge of art and the art world, and a large amount of capital to acquire the work of well-known artists. The market is also highly segmented and dominated by a few large auction houses, and risk is pervasive, deriving from both the physical risks of fire and theft and the possibility of reattribution to a different artist. And while auction prices represent, in part, a consensus opinion on the value of art works, values in turn are determined by a complex and subjective set of beliefs based on past, present and future prices, individual tastes and changing fashion.
In sharp contrast, most financial assets are almost always liquid, readily diversifiable and can be selected on the basis of a relatively small set of objective criteria. Such markets are characterised by a large number of buyers and sellers, transaction costs are low, and trades in perfectly or near identical assets are repeated millions of times daily in hundreds of competing markets and exchanges. Nevertheless, art has been traded on organised markets for some time, with the organisation of the global art market much the same as it was in the 17 th Century, and the place attributed to an artist by aesthetic judgement depends more or less upon the prices set in these markets (Gérard-Varet, 1995) . While this implies that at least some tools of orthodox financial analysis can, and frequently have, been applied to art markets, there is also the necessity to clearly identify the distinguishing characteristics of these markets so that their findings can be examined in an appropriate context. Likewise, there is also the general critique by Felton (1998: 286) and others, that many papers concerned with economics of the arts "demonstrate meticulous care with large and fragile data sets".
One major distinguishing feature of art markets is that the art objects themselves are created by individuals, and are for the most part produced as differentiated objects.
Accordingly, and in principle, there is only one unique piece of original work: an extreme case of a heterogeneous commodity. However, heterogeneity does not mean singularity (Gerad-Varet, 1995) . Some substitutability remains among the work of a single artist, or among the works of artists categorised within the same school. Nonetheless, as the creative outpouring of a single artist, or group of artists, their aggregate supply is nonaugmentable, comprised as it is of the works of deceased artists or outmoded or outdated schools.
These particular characteristics manifest themselves most abundantly in the risks associated with art investment. Attribution remains a perennial challenge, as does the problem with fakes and forgeries. Unfortunately, though the technical means of detecting fakes and forgeries has improved in recent years, transactions involving these works remain in the auction samples most often used to calculate the risk and return of art investment. Moreover, in addition to these financial risks arising from price uncertainty, there are purely material risks associated with the unique physical nature of art works. Paintings may be destroyed by fire, damaged during war, or stolen. Of course, while many material risks can be insured against, insurance costs as a percentage of appraised value are relatively high (up to one percent per annum), and for the most part unknown.
Similarly, substantial costs arise over time with maintenance and the restoration of art works, and these are seldom recognised in return calculations. It is also difficult to take into account the taxes due when transacting and holding an art object, though it is widely accepted that in many countries investment in art is a means of escaping or lowering the tax burden (Frey and Eichenberger, 1995a; 1995b) . Regardless, a voluminous literature has arisen on calculating the returns on art investment. Starting with Baumol (1986) , these include studies by Frey and Pommerehne (1989) , Goetzmann (1993) , Chanel et al. (1994) , Candela and Scorcu (1997) and Pesando and Shum (1999) . And for the most part "his [Baumol's] results are here to stay: the (financial) rate of return on paintings is lower than for investment in financial assets (given higher risks in the former market) because paintings also yield a psychic return from owning and viewing the paintings" (Frey and Eichenberger, 1995b: 529) .
Perhaps the main distinguishing feature between art markets and pure financial markets is that the expected return from art investment consists not only of price rises but also the aforementioned psychic return of art works: through their aesthetic qualities, possibly through their social characteristics, and in the case of pieces acquired by museums for their cultural significance, even public-good attributes. And almost without exception, most studies of art investment have been unable to quantify these psychic returns associated with art as a consumption good and add them to the understated financial returns from art as an investment good. Recognising art as a consumption good goes far in explaining the segmentation that characterises most art markets, and in part accounts for the presence of behavioural anomalies less well-known in modern financial markets.
For instance, market segmentation, and the concomitant propensity for anomalies, is likely to occur among art investors. Many private collectors are not profit orientated and are particularly prone to the anomalies that arise from 'endowment effects' (an art object is evaluated higher than one not owned), 'opportunity cost effects' (many collectors isolate themselves from considering the returns of alternative uses of funds) and a 'sunk cost effect' (past efforts to build a particular genre or school of art are important) (Frey and Eichenberger, 1995a; 1995b) . Private collectors may also be subject to a 'bequest effect' whereby art objects given to their beneficiaries carry a psychic return over and above their notional value.
Similarly, Felton (1998: 286) observes that the analysis of auction data is "…complicated by the fact that both professional and amateur bidders, who may have different risk aversions,
[are] involved in the bidding [and] the amount of risk aversion seem[s] to depend on the unit sold and the existence of a penalty, not on the attribute of the subject". These conditions are rarely found in modern financial markets.
At the least, it could be expected that corporate collectors undertake their investments concerned largely with financial returns. Rarely, however, is the means of collection open to more than a small number of personalities within a firm and even then is primarily used for consumption purposes. Lastly, public museums are important buyers of art. Once art works are acquired it is rare for these organisations to either be willing or able to dispose of works in the market, nor to change the speciality of their collection. Many specific art works are also obtained with hypothecated grants from governments or fundraising activities and these cannot usually be used for other purposes. For these reasons it is argued that sellers to museums enjoy systematically higher rates of return. Frey and Eichenberger (1995a: 215) suggest inter alia that museums are also likely to be active in particular genres of art that do not attract individual or corporate collectors. Frey and Eichenberger (1995a; 1995b) also used this evidence to argue that the behavioural characteristics of art market participants vary dramatically between 'pure speculators', whose activity in art investment markets in largely associated with changes in financial risk, and 'pure collectors' who are more attune to the psychic returns of art and lesssensitive to notions of financial risk. In the extreme, the more 'pure collectors' there are in a market, the lower is the financial return in equilibrium; the major part of investment return is made up of psychic benefits. An emerging literature has examined these efficiency aspects of art markets, including studies by Coffman (1991) , Louargand and McDaniel (1991), Pesando (1993) and Goetzmann (1993) .
At first impression, art markets would appear to have little in common with pure financial markets. Most art markets would appear to be characterised by product heterogeneity illiquidity, market segmentation, information asymmetries, behavioural abnormalities, and almost monopolistic price setting. And there is no doubting the fact that a substantial component of the return from art investment is derived not from financial returns rather its intrinsic aesthetic qualities. However, in recent years it has been widely accepted that most art markets have moved closer to the ideals set by financial markets. Turnover, for example, has increased dramatically among auction houses and the larger proportion of transactions are pursued in these as against traditional dealers. Information on alternative art investments is now more accessible through the attention of the media, and the publishing and dissemination of catalogues and price index series has increased the amount of information available to both buyers and sellers. Likewise, art markets are increasingly globalised and the widening of the asset pool to include collectibles, furniture, jewellery and wine, amongst others, has seen substantially greater participation in most art markets.
Empirical methodology
The data employed in the study is composed of indices for eight major categories of paintings and one equity market index. All art index data is obtained from UK-based Art Market In common with most work in this area, the figures in Table 1 This model thus allows a test for both short-term and long-term relationships between the indices. The ECM is specified as follows: In order to implement the ECM, the order of cointegration must be known. A useful statistical test for determining the cointegrating rank r is proposed by Johansen (1991) and Johansen and Juselius (1990) . The test is based on the MLE and the rank of Π (denoted by r) is tested based on its eigenvalues. The trace test is proposed. The trace statistic tests the null hypothesis of the number of distinct cointegrating vectors as r = 0 versus r > 0, r ≤ 1 versus r > 1, and so on. For example, to test for no cointegrating relationship, r is set to zero and the null hypothesis is 0 :
and the alternative is 0 :
One potential problem is that the Johansen (1991) test can be affected by the lag order in
(1). The lag order is determined by using the likelihood ratio test. The likelihood ratio (LR) test statistic is assumed to be asymptotically distributed 2 χ with degrees of freedom equal to the number of restrictions. The test statistic is used to test the null hypothesis of the number of lags being equal to k -1 against the alternative hypotheses that k = 2, 3, … and so on. The test procedure continues until the null hypothesis fails to be rejected, thereby indicating the optimal lag corresponds to the lag of the null hypothesis.
These cointegration tests examine long-term causality among the eight art markets and the global equity market. In order to examine the short-run relationships, Granger (1969) 
In both cases, the causality test is based on an F-statistic that is calculated using the If the hypothesis is rejected, the j-th index Granger-causes the l-th index and current changes in the l-th index can be explained by past changes in the j-th index, thereby indicating a causal relationship.
One problem with a Granger non-causality test based on (2) is that it is affected by the specification of the model. ECM is estimated under the assumption of a certain number of lags and cointegrating equations, which means that the actual specification thereby depends on the pre-test unit root (ADF) and cointegration (Johansen) tests. To avoid possible pre-test bias, Toda and Yamamoto (1995) propose the level VAR procedure. Essentially, the level VAR procedure is based on VAR for the level of variables with the lag order p in the VAR equations given by p=k+d max , where k is the true lag length and d max is the possible maximum integration order of variables. Therefore, the estimated VAR is expressed as:
where t =1 ,…., T is the trend term and does not exceed the true lag length k. Equation (4) can be written as:
. As restrictions in parameters, the null hypothesis 0 ) ( :
is a parameter vector and may be tested by a Wald statistic defined as:
where
where I T is a T×T identity matrix. Under the null hypothesis, the Wald statistic (6) has an asymptotic chi-square distribution with m degrees of freedom that corresponds to the number of restrictions. Although Toda and Yamamoto (1995) present this method principally for the purpose of Granger non-causality testing, tests based on level VAR equations can also be used to examine long-run relationships. Test results based on the ECM can then be regarded as an indicator of short-run causality, while the causality tests by the level VAR can complement the result of the cointegration tests in terms of long-run information.
One final limitation of these tests is that while they indicate which markets Granger-cause another, they do not indicate whether yet other markets can influence a given market through other equations in the system. Likewise, Granger causality does not provide an indication of the dynamic properties of the system, nor does it allow the relative strength of the Grangercausal chain to be evaluated. However, decomposition of the variance of forecast errors of a given market allows the relative importance of other markets in causing fluctuations in that market to be ascertained. One likely problem is that the decomposition of variances is sensitive to the assumed origin of the shock. That is, the results of the variance decomposition depend on the ordering of variables. One approach to this problem is to randomly order the variables a number of times and compare the results. Unfortunately, random ordering of nine indexes is neither practical nor sufficient to clearly highlight any disparities. The most realistic ordering criterion under these circumstances is to order markets by their effect to other markets: that is, in descending order of the number of causes in the causality tests.
Empirical results
Table 2 presents the ADF unit root tests for the eight painting indices and the global equity index in price level and price-differenced forms. In all instances, the null hypothesis of nonstationarity is tested. Analysis of the price levels series indicates non-stationarity for all painting and equity markets. However, all of the ADF test statistics are significant in first differenced form at the .10 level, indicating stationarity and the suggestion that each index series is integrated of order 1 or I(1). The finding of non-stationarity in levels and stationarity in first differences provides comparable art market evidence to Chanel (1995) , Ginsburgh and Jeanfils (1995) and Taylor (1995) . However, it should be noted that all three of these studies used quarterly rather than monthly data.
<TABLE 2 HERE>
As discussed, Johansen cointegration trace tests are used to obtain the cointegrating rank.
The likelihood ratio trace test statistics are detailed in Table 3 . As multivariate cointegration tests, the results cover all the included markets simultaneously rather than simple bivariate combinations. They therefore consider the wide range of portfolio diversification options available to investors, as well as the scope of market interrelationships that may not be reflected in pairwise combinations. Also included in Table 3 are critical values at the .10 and .05 level. For the period in question, the trace test statistics are greater than the critical values at the .05 level for the null hypotheses of r = 0 to r ≤ 6 thereby rejecting the null hypothesis.
However, the null hypothesis of r ≤ 7 fails to be rejected in favour of r > 7 thereby indicating a cointegrating rank of 7. The primary finding obtained from the Johansen cointegration tests is that a stationary long-run relationship exists between all the art and equity markets. That is, all nine series are cointegrated. Finding such cointegration among art markets and between art markets and the equity market is a nontrivial fact because it implies that, in the long run, the prices for various markets do not diverge and also that their short-run variations are influenced by this long-run equilibrium. Nevertheless, while the cointegrating relationship found is over the entire sample period, there may well have been sub-periods when the various series did diverge.
<TABLE 3 HERE>
Since cointegration exists between the art and equity indices, Granger non-causality tests are performed on the basis of the ECM in (2). F-statistics are calculated to test the null hypothesis that the first index series does not Granger-cause the second, against the alternative hypothesis that the first index Granger-causes the second. Calculated statistics and p-values for the various markets are detailed in Table 4 . Among the nine markets, twentyeight significant causal links are found (at the 5 percent level or lower). For example, column 3 shows that the 19 th Century European (NE), Old Masters (OM) and Modern US (US) painting markets and the equity market affect the Modern European (ME) painting market.
Further insights are gained by examining the rows in Table 4 indicating the effects of a particular market on all markets. The Modern European (ME) market, for example, influences four art markets: Contemporary Masters (CM), French Impressionists (FI), 20 th Century
English (TE) and Modern US (US) painting markets. The fact that the Modern US (US)
painting market is influenced by, and in turn influences, the market for Modern European (ME) paintings suggests that there is 'feedback' in these two art markets. There is also an indication that there is feedback at play in several other pairwise combinations: for example, It can be difficult to apply a particular economic interpretation to the interrelationships that have been found between the various painting markets. On one level the various painting subsectors are comparable to industry sub-sectors within an equity market. In that case, relationships exist between industries because of underlying economic fundamentals or market effects to which they are exposed in common. This could be also expected to hold for the painting sub-sectors where many market fundamentals [including the wealth effects between financial markets and investment in art and collectables] are common to the various schools and genres of paintings. And as with equity market industries at least some painting sub-sectors will respond earlier and more significantly to changes in particular variables and therefore may be used, amongst other things, for forecasting purposes.
On another level, the relationships between the various painting sub-sectors may also owe much to variables that have not been specified in the analysis. For example, the causal linkages that exist among the painting markets may not entirely be due to the markets themselves, rather with overriding influences that have not been included in the analysis. For example, the overall demand for investment in art and collectibles is one such overriding factor and would be associated with myriad differences in tastes and fashions, income and wealth effects, taxation and the rate of bequests to museums, the degree of substitution between schools and genres, etc., all of which could be expected to vary across painting subsectors and throughout time. Unfortunately, the present analysis is unable (nor intended) to provide theoretical guidance on why such relationships exist, only that they do exist empirically.
One plausible implication of the results in Table 4 Table 5 indicate the effects of a particular market on all markets. It is evident that the 19 th Century European (NE) market is again one of the most influential markets among the art markets, influencing all art markets except 20 th Century English (TE). However, the Contemporary Masters (CM) painting market, which was one of the least influential markets in the short run, causes just as many art markets as the 19 th Century European (NE) market.
The least influential market in the long run is French Impressionist (FI) paintings. Once again, the global equity market is highly influential, causing seven art markets with the exception of the French Impressionists (FI). The finding of significant short and long run relations between equity and art markets contrasts strongly with the results of Ginsburgh and Jeanfils (1995) . In that study, it was found that though financial markets did influence art markets in the short run, "…there is no long relation between these two assets" (Ginsburgh and Jeanfils, 1995: 538).
<TABLE 5 HERE> Table 6 presents the decomposition of the forecast error variance for 1-month, 3-month, 6-month and 12-month ahead horizons for the equity markets and the art markets. An average forecast error variance across these horizons is also included in Table 6 for each market (AVG), while the final column in Table 6 (OTH) sums the percentage of forecast error variance of each market explained by all other art markets other then the market itself. The final row in Table 6 (ALL) averages the percentage of forecast variance for each market across itself and all other markets in all forecast time periods. Each row in Table 6 painting market is the least influenced by innovation in other painting markets in the 1-month forecast period, while the French Impressionist (FI) market is the most sensitive.
<TABLE 6 HERE>
Nonetheless, all the painting markets included in the analysis are relatively isolated from each other at the 1-month horizon period. This is consistent with the extreme lack of liquidity and the slow diffusion of information in art markets. However, within a 3-month forecast horizon period most of the variance that will ever be explained in any painting market, whether through its own innovations or though other painting market innovations, has occurred. This suggests that there are lags in the transmission of information among art markets, though they are certainly less than what could normally be expected. Once again, the most influential painting market is 19 th Century European (NE) paintings with some 15.44 percent of forecast error variance across all markets and forecast horizons. The next most influential painting markets in terms of forecast error variance are Old Masters (OM) (13.04%) and Modern European (ME) (12.52%). The least influential markets are composed of Contemporary Masters (CM) (8.81%) and French Impressionists (FI) (6.95%).
Just as the painting markets are relatively isolated from each other, they are also relatively isolated from the equity market. For example, at the 1-month horizon period no forecast error variance in the 19 th Century European (NE) and Old Masters (OM) painting markets and just 2.51 percent in the 20 th Century English (TE) painting market, are explained by innovations in the equity markets. Though this steadily increases as the forecast error horizon is extended, even at the end of one year the percentage accounted for in these three markets by the equity market is just 6.98, 8.00 and 10.31 percent respectively. On average, and across time horizons, the market that has the most forecast error variance explained by the equity market is the 20 th Century English (TE) painting market with 6.62 percent, while the least forecast error variance is explained in the Modern US (US) painting market.
Concluding remarks
This paper investigates long-term and short-term relationships among eight major painting markets and the global equity market during the period 1976 to 2001. Multivariate cointegrating techniques are used to establish relationships among these markets; Granger non-causality tests within an error-correcting model (ECM) are used to measure causal relationships in the short-term, while Wald test statistics in a level VAR approach are used to measure long-run causality. The results indicate, as expected, that the art markets are highly integrated and that there are a large number of significant causal linkages in both the short and long run among art markets and between the equity market and art markets.
The findings obtained in this paper have obvious implications, amongst other things, for the purported benefits of portfolio diversification among the several alternative painting markets. In effect, the strong short-term and long-term causal linkages among the markets would indicate that the expected returns from such a strategy may not be as great as expected.
However, the results also suggest that opportunities for diversification may still exist. This is further reinforced by a decomposition of variance analysis that indicates that a distinguishing characteristic of most art markets is the extremely low level of variance explained by other markets, including the equity market. Even in the least isolated art markets, other painting markets explain no more than thirty percent of the forecast error variance across all horizon periods.
The sole exception in this case is the market for French Impressionist paintings, which is the least endogenous market examined in this study. Interestingly, the most isolated painting market is that of Old Masters. With the former is most associated with the art bear market in the early 1990s and the later with a resurgence in the final years of the last century there is the suggestion that market segmentation has much to do with pricing behaviour in these markets.
Unfortunately, it is not possible in this particular study to examine how these relationships have changed over time since no decomposition of the sample period is attempted.
In terms of the interrelationships between art and equity markets this study has quantified the significant short and long-run causal linkages that exist. However, the percentage of forecast error variance explained in art markets by the equity market is extremely low. Chanel (1995: 527) has used similar findings to conclude: "It would appear, then, that financial markets react quickly to economic shocks, and that the profits generated on these markets may be invested in art, so that stock exchanges may be considered as advanced indicators to predict what happens on the art market". Nevertheless, and as concluded by Chanel (1995) , art markets are subject to varying fashions, tastes and fads, and thus the endogeneity of these markets makes forecasting extremely difficult. Unfortunately, the present analysis is unable to comment particularly on the many economic, cultural and institutional factors associated with the interrelationships between these painting markets and this, of course, presents an avenue for future research. Notes: The final column (OTH) is the percentage of forecast error variance of the market indicated in the first column (MKT) explained by all art markets except the market's own innovations; the periods (PER) in the second column are in months. The ordering for the variance decomposition is based on the number of 'causes' in Table 4 , i.e. NE, OM, EI, ME, US, FI, SR, CM and TE. 'AVG' is the arithmetic mean of the 1-month, 3-month, 6-month and 12-month horizons. 'ALL' in the final row is the average forecast error variance explained by the market in the first row across all markets and forecast horizons.
